foramina as in the setting of zone 2 fractures. Zone 3 fractures are located in the central sacral body and are frequently accompanied by neurological deficits and saddle anesthesia.
The traditional therapy for stable SIFs has been absolute bed rest with analgesics followed by physical therapy and osteoporosis medication. However, absolute bed rest can be related to significant morbidity, especially in elderly patients [4] .
The most serious problems of absolute bed rest are deep vein thrombus and pulmonary embolism. Their incidence rates have been reported to range from 29% to 61% and from 2% to 12%, respectively [5] . Pneumonia, decubitus ulceration, cardiac dysfunction, bone demineralization, and weight loss can result from absolute bed rest. Recovery may be prolonged, and some patients may develop chronic pain and nonunion requiring surgery.
Sacroplasty has emerged as a minimally invasive alternative to conservative therapy for SIFs [6] and is often recommended for the treatment of painful SIFs that destabilize the sacrum. Brook et al. [7] hypothesized that cements provide This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The target of sacroplasty is to provide early symptomatic relief, allowing more rapid mobilization, limiting the need for significant narcotic analgesics. Owing to the lack of validating controlled studies or because of the unique technical difficulty related to the sacral anatomy, sacroplasty for Denis zone 3 fractures is rare. Thus, we adopted the transiliac approach and multislice computed tomography (MSCT) guidance to overcome the technical difficulty. MSCT allows the simultaneous production of three sequential transverse sections and gives more three-dimensional information than conventional computed tomography (CT).
The objective of our study was to determine the possibility and feasibility of MSCT-guided sacroplasty (40-slice Somatom Sensation Open, Siemens, Germany) for Denis zone 3 fractures via the transiliac approach.
CASE REPORTS
In two patients with Denis zone 3 sacral fractures, transiliac sacroplasty under MSCT guidance was performed. The conservative treatment that was initially performed over a period of 3 weeks was not effective for reduction of the severe, disabling pain.
Case 1
A 66-year-old woman with osteoporosis presented with 2 months of severe pain in the lower back, pelvic region, and buttock. The T score of bone mineral density was -3.5. The pain was exacerbated by sitting or standing, and was relieved by assuming the supine position.
Before the sacroplasty, the pain on walking was rated as 8-9/10 on the visual analog scale (VAS) of 0 to 10. Magnetic resonance imaging (MRI) revealed fractures of the S1 sacral body and both alae (Fig. 1A) .
The patient had no specific significant trauma history. SIFs are stress fractures that result from normal stress on abnormally weak bones and are most frequently observed in the setting of osteoporosis.
The absolute bed rest and analgesic medication over the 3-week period did not achieve a satisfactory reduction of the severe disabling pain. We discussed with the patient the potential risks and benefits of transiliac sacroplasty and those of conservative medical management. After serious discussion with the patient and her family regarding the procedure, the patient decided to undergo transiliac sacroplasty. skin entry points for the alar fractures were also checked (Fig.   1B ). After establishment of the skin entry point by using a CT scan, the usual preparation was performed and the respective approach angle was checked. Skin anesthesia was induced, and the muscle and periosteum were anesthetized using 1%
lidocaine.
Under MSCT guidance using the thin-slice technique, an 11-G percutaneous vertebroplasty (PVP) needle (Hyun Medical, Korea) was introduced to the iliac bone via the transiliac approach from lateral to medial via the trajectory previously determined on the CT scanner [8] . We confirmed the placement of the needle tip within the sacral vertebral body without compromising the sacral canal and sacral neural foramens (Fig. 2) . After removing the inner needle, a polymethylmethacrylate (PMMA) mixture (CMW1, DePuy International Ltd., UK) was injected to the sacrum under MSCT (Fig. 3 ) by using 1-ml syringes. The cement, which was in a toothpaste consistency, was injected with the needle directed laterally to encourage the flow of the cement away from the sacral foramen. The goal of the PMMA injection was to fill the fracture site and surrounding bone without extravasation of the cement. Cement filling was performed discontinuously under MSCT guidance. PMMA cement was injected in 0.5-ml aliquots, and the total volume of cement injected to the sacral body fracture site was 2.5 ml. The sacral alar fractures were treated after PMMA injection to the S1 sacral body. the procedure.
The pain intensity in the buttock area was determined using the VAS before the intervention, 2 days after the intervention, and 1 month after the intervention. The VAS pain score was 8 before the intervention, and a significant reduction in pain to a VAS score of 3 was observed on the second postoperative day, which stabilized after 1 month to a VAS score of 4.
No complication occurred related to the procedure, such as iliac fracture, at the 1-month follow-up. Transiliac sacroplasty was technically feasible under the MSCT-guided technique.
The MSCT scan showed a central distribution of the cement in the sacrum and a good distribution over the area of the sacral fracture (Fig. 4) .
Case 2
A 73-year-old woman with a history of osteoporosis was admitted after a slip injury. Fifteen years ago, she underwent lumbar posterior fusion at L3/L4 with pedicle screw fixation and PVP at L1 at another hospital. She reported severe coccygeal and buttock pains limiting her motions. A subjective pain assessment revealed an 8/10 pain score, which was not controlled by analgesic drug administration and injection therapy. The pain had been preventing her from sitting and walking normally. An MRI scan demonstrated sacral S1
and S2 body fractures without an alar fracture (Fig. 5A ). We performed MSCT-guided percutaneous sacroplasty at the S1 and S2 sacral bodies via the transiliac approach by using the same method. A preoperative MSCT scan of the pelvis was performed, and the skin entry points at S1 and S2 were marked. The entry point was established by tilting the MSCT scan gantry to find a safe pathway that does not cross the anatomical landmarks such as the neural foramen and cortical margins of the sacrum (Figs. 5B and 5C ). The amount of cement required depended on the extent of the fracture and PMMA leakage. Furthermore, 2.0 ml of PMMA cement was introduced at the S1 sacral body (Fig. 6 ) and 1.6 ml at the S2 sacral body (Figs. 7A and 7B) . The post-procedural CT and radiography revealed the optimal filling of the lesions with no evidence of PMMA extravasation into the central canal or sacral foramina (Fig. 7C) . The VAS pain score significantly decreased from 9 preoperatively to 3 on the second postoperative day and 3 in the first month after the intervention, and the fracture of the patient was successfully mobilized.
DISCUSSION
The first percutaneous sacroplasty for the treatment of an insufficiency fracture was described by Garant [6] The role of the sacral bodies in inducing the pain related to SIFs is not clearly understood. Although several studies [1, 9, 12] suggest that pain relief from sacroplasty is typically good, many physicians who routinely treat SIFs often observe that the pain relief from sacroplasty is not as complete as the relief that can be achieved with the treatment of the thoracic or lumbar vertebral segments [12] . Although not specifically studied, it could be the reason for the sacral body being a source of sustained pain despite good stabilization of the lateral sacral elements [13] .
Owing to the presence of the iliac crest and posterior iliac spine, treatment of S1 vertebral body fractures has remained a challenge for physicians, even with CT imaging. We attempted to overcome this obstacle by using the transiliac approach. The transiliac approach in percutaneous endoscopic lumbar discectomy was already used in patients without complications [14] . With the MSCT-guided transiliac approach, the needle could be more easily advanced to the sacral body without making contact with the sacral nerve and spinal canal.
In this case report, transiliac sacroplasty relieved disabling pain rapidly, which resulted in increased mobility and improved quality of life. This procedure was safe and practicable for reducing intractable pain when performed with precise MSCT guidance and a thorough appreciation of the complex sacral anatomy. Therefore, in conclusion, transiliac sacroplasty can be a useful therapeutic option in the overall palliative treatment of patients with sacral body fractures (Denis zone 3 fractures).
